per 



WORLD INTELLECTUAL PROPERTY ORGANIZATION 
International Bureau . 




INTERNATIONAL APPLICATION PUBLISHED UNDER THE PATENT COOPERATION TREATY (PCT) 



(51) Internati nal Patent Classification 4 : 
C12P 19/34, C12N 15/00 



Al 



(11) International Publication Number: WO 89/ 07150 

(43) Internati nal Publication Date: 10 August 1989 (10.08.89) 



(21) International Application Number: PCT/US89/00442 

(22) International Filing Date: 3 February 1989 (03.02.89) 



(31) Priority Application Numbers 

(32) Priority Dates: 

(33) Priority Country: 



: 152,830 
207,119 

5 February 1988 (05.0X88) 
15 June 1988 (15.06.88) 

US 



(71) Applicant: THE TRUSTEES OF COLUMBIA UNI- 

VERSITY IN THE CITY OF NEW YORK [US/US]; 
West 116th Street and Broadway, New York, NY 
10027 (US). 

(72) Inventors: BANK, Arthur ; 3935 Blackstone Avenue, 

Riverdale, NY 10027 (US). MARKOWTTZ, Dina, G. 
; 60 Haven Avenue, New York, NY 10032 (US). 
GOFF, Stephen, P. ; 66 Windsor Road, Tenafly, NJ 
07670 (US). 



(74) Agent: WHITE, John, P.; Cooper & Dunham, 30 
Rockefeller Plaza, New York, NY 101 12 (US). 

(81) Designated States: AT (European patent), AU, BE (Eu- 
ropean patent), CH (European patent), DE (Euro- 
pean patent), DK, FR (European patent), GB (Euro- 
pean patent), IT (European patent), JP, LU (Euro- 
pean patent), NL (European patent), SE (European 
patent). 



Published 

With international search report. 
Before the expiration of the time limit for amending the 
claims and to be republished in the event of the receipt 
of amendments. 



(54) Title: RETROVIRAL PACKAGING CELL LINES AND PROCESSES OF USING SAME 



gag pol env 



3PO 



gpt 

1 1 H 



pgag-eolgpt 



*f//////////A 



PfiSX 



~ — p any Am 



(57) Abstract 

This invention provides a mammalian cell useful for retroviral packaging comprising two plasmids, both of which 
comprise the 5' long terminal repeat (LTR) sequence from a helper virus, neither of which comprise a functional v packag- 
ing sequence or a 3' LTR from the helper vims, one of which comprises the env gene from the helper virus and the other ot 
which comprises the gag and pol genes from the helper virus. This invention also provides a pr cess for V n P m **f™*' 
cer cell useful f r transferring a f reign gene into a mammalian cell which comprises treating the above-desenbed mam- 
malian cell with a vect r plasmid s as to insert the vector plasmid into the cell and thus create the pr ducer cell, toe vec- 
tor plasmid comprising the f reign gene, a functional V packaging sequence from the helper virus, both the 5 and 3 LTJto 
from the helper virus, and a gene encoding a selectable or identifiable phen typic trait, and recovering the producer cell so 
created. 
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RETROVIRAL PACKAGING CELL LINES AND PROCESSES OF USING 
SAME 



This application is a continuation-in-part of U.S. 
Application Serial No. 152,830, filed February 5, 1988, 
the contents of which are hereby incorporated by 
reference. 

The invention described herein was made in the course 
of work under Public Health Services grants DK-25274, 
HL-37069, and HL-07230 from the National Institutes of 
Health, U.S. Department of Health and Human Services. 
The U.S. Government has certain rights in this 
invention. 

Background of the Invention 



Throughout this application, various publications are 
referenced parentheses and citations provided for them. 
20 The disclosure of these publications in their 

entireties are hereby incorporated by reference into 
this application to more fully describe the state of 
the art to which this invention pertains. 

25 Retroviruses appear to be the method of choice as 

vectors for the transfer of exogenous genes into 
humans. In particular, the cloning, transfer, and 
expression of human globin genes into erythroid cells 
in culture has raised the possibility of 

30 autotransplantation of bone marrow cells with normal 0- 

globin genes as an approach to the therapy of p- 
thalassemia and sickle cell anemia in humans (1) . 
Retr viral vectors are the most efficient means of 
transferring genes into cells. This high efficiency is 

35 a requirement for experiments whose goal is human 
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globin gene therapy because only a limited number of 
bone marrow stem cells can be obtained, and as many as 
possible must acquire and express the transferred genes 
to ensure repopulation of sufficient marrow elements to 
5 produce normal amounts of hemoglobin. 

A major prerequisite for the use of retroviruses is to 
insure the safety of their use (2) • The major danger 
of the use of retroviruses for gene therapy is the 
10 possibility of the spread of wild-type retrovirus in 

the cell population. The proliferation of wild-type 
virus can lead to multiple integrations of the 
retrovirus into the genome which may result in the 
activation of potentially harmful genes such as 
15 oncogenes (3,4). The development of packaging cell 

lines that produce only replication-defective 
retroviruses has increased the utility of retroviruses 
for gene therapy (5-9). In these cell lines, the 
sequence required for packaging of the viral RNA (tf 
2Q sequence) has been deleted, therefore, the packaging 

cell produces viral proteins but is unable to package 
the viral RNA genome into infectious virions. When 
these packaging lines are transfected with a 
replication-defective retroviral vector containing an 
25 intact sequence required for its own packaging, wild- 

type retrovirus has been shown to arise (6,10,11) 
presumably due to recombination events between the 
helper virus genome and the vector virus. For example, 
high titer amphotropic retroviral stocks generated by 
transfer of a defective neomycin-containing retrovirus 
into the amphotropic packaging cell line PA12 
(containing the # deletion) have been shown to produce 
infectious amphotropic helper virus (10,11). To 
circumvent this problem, additional mutati ns have been 
35 made in the defective virus of newer helper cell lines 
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(11). These have included deletions in the 3' LTR of 
the helper virus component, and additional deletions of 
portions of the 5' LTR as well. One of these defective 
amphotropic constructs has been used to produce a 
retroviral packaging line, PA317, that has recently 
been reported to eliminate wild type retrovirus 
production after retroviral transfection. However, 
using this packaging line, two recombinational events 
could still produce intact retrovirus. Cell lines 
containing both 3' and 5' LTR deletions as well as the 
packaging mutation were also constructed but were not 
useful because of the relatively low titers obtained 
with these constructs. 

In accordance with the invention described herein, 
novel ecotropic and amphotropic retrovirus packaging 
cell lines have been created which should virtually 
eliminate the possibility of recombination between the 
helper virus and the vector virus leading to wild-type 
retrovirus. In the cell lines to be described 
hereinafter, the helper virus DNA has been separated 
onto two plasmids; the gag and the pol genes are on one 
plasmid and the env gene is on another plasmid. In 
addition, the packaging sequence and the 3' LTR have 
been deleted in both plasmids. With this type of 
strategy at least three recombination events between 
the two helper plasmids and the vector virus are 
necessary to generate a wild-type virus. Thus, stable 
ecotropic and stable amphotropic packaging lines have 
been developed that are both efficient and safe for use 
in gene transfer experiments. An ecotropic packaging 
lines have been developed concerns a virus which can 
only infect or transfect cells of the same species. In 
an amphotropic packaging lin , the virus can inf ct or 
transfect a wide range of host cell species. 
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Summary of the Invention 

The invention concerns a mammalian cell useful for 
retroviral packaging comprising two plasmids, both of 
which comprise the 5' long terminal repeat (LTR) 
sequence . from a helper virus, neither of which 
comprises the env gene from the helper and the other of 
which comprises the gag and pol genes from the helper 
virus. 

The invention also provides a process for preparing a 
producer cell useful for transferring a foreign gene 
into a mammalian cell which comprises treating the 
above described mammalian cell with a vector plasmid so 
as to insert the vector plasmid into the cell and thus 
create the producer cell, the vector plasmid comprising 
the foreign gene, a functional $ packaging sequence 
from the helper virus, both the 5' and 3' LTRs from the 
helper virus, and a gene encoding a selectable or 
identifiable phenotypic trait, and recovering the 
producer cell so created. 
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Brief D scription of the Figures 

Figure 1. Comparison of viral sequences contained in 
parent plasmid 3PO and constructs pgag-Eolgpt, penv and 
penvAm. Mo-MULV LTRs and ^ deletion are indicated. 
Solid regions represent gag sequences; open regions 
represent pol sequences; hatched regions represent env 
or envAm sequences; wavy lines represent pBR322 
sequences • 

Figure 2. Schematic diagram showing construction of 
plasmids pqaq - pol gpt, penv , and penvAm. Wavy lines, 
pBR322 sequences; thin lines, plasmid sequences; small 
solid box, SV40 poly A sequences; SV, SV40 origin of 
replication; deletion of packaging sequences; Ba, 

Bam HI; Bg, Bgl II; E, Eco HI: Na, Nae I; Nh, Nhe I; 
S, Sea I; Sph, Sph I; Pst, Pst I. 

Figure 3. Replication-defective retroviral vectors N2 
and Aneo. packaging sequence; wavy line, pBR322 

sequences; solid box, SV40 promoter and origin of 
replication. 

Figure 4. RT assays of supernatants from clones of 
cells with 3PO or cotransfected with pqaq - polg pt and 
p env . Individual clones resistant to MA were isolated, 
and the supernatant fluids were assayed for reverse 
transcriptase on an exogenous template (14) . Results 
are shown from two different experiments (top and 
bottom lines) . Included in each experiment are 
positive (tf 2 supernatant) and negative (3T3 
supernatant) controls. 



Figure 5. Analysis of viral env protein synthesis in 
transfected NIH 3T3 c lis. Plasmids pgag-polgpt and 
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p env vere co trans fee ted into 3T3 cells. Individual 
clones resistant to KA and which express high levels of 
RT were labelled with [ 35 S] methionine. The labelled 
proteins were analyzed by immunoprecipitation, sodium 
dodecyl sulfate gel electrophoresis, and fluorography 
as described in Methods. Lane 1: Proteins from 3PO- 
18 cells. Lanes 2*16: Proteins from GP+E clones 5, 
21, 30, 37, 38, 41, 42, 43, 46, 56, 58, 66, 69, 75 and 
86, respectively. The position of protein gPr80 env is 
indicated by the arrow. 
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Detailed Description of the Invention 

This invention concerns a mammalian cell useful for 
retroviral packaging comprising two plasmids, both of 
which comprise the 5' long terminal repeat (LTR) 
sequence from a helper virus, neither of which comprise 
a functional V packaging sequence or a 3 ' LTR from the 
helper virus, one of which comprises the env gene from 
the helper virus and the other of which comprises the 
gag and pol genes from the helper virus. 

In one embodiment of this invention one of the plasmids 
in the above-described mammalian cell further comprises 
a gene encoding a selectable or identifiable phenotypic 
trait. An example useful in the practice of the 
present invention is the gpt gene. In another 
embodiment, the helper virus in the mammalian cell is 
the Moloney murine leukemia virus (Mo-MuLV) . 

In other aspects, the one plasmid in the mammalian cell 
is the plasmid designated penv shown in Figure 2, and 
the other plasmid is the plasmid designated p gag - pol gpt 
also shown in Figure 2. 

The mammalian cell of this invention may be an 
ecotropic cell, including an NIH 3T3 mouse fibroblast 
cell. Where the helper virus in the mammalian cell is 
the Moloney murine leukemia virus (Mo-MuLV) , such an 
ecotropic cell useful in the practice of this invention 
is designated GP+E-86. The ecotropic cell, GP+E-86, 
has been deposited pursuant to the Budapest Treaty at 
the American Type Culture Collection (ATCC) , Rockville, 
Maryland, in NIH 3T3 M use Fibroblast Cells under ATCC 
access! n n • CRL 9642. 
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In another feature, the helper virus in the mammalian 
cell is the 4070A amphotropic murine leukemia virus* 
In further embodiments where the 4070A amphotropic 
murine leukemia virus is employed as the helper virus, 
5 the one plasmid is the plasmid designated p envA m shown 

in Figure 2, and the other plasmid is the plasmid 
designated p qag - polg pt, also shown in Figure 2. 

Xn another embodiment, the invention herein further 
10 provides an amphotropic cell as the mammalian cell 

useful for retroviral packaging. An example of an 
amphotropic cell useful in the practice of this 
invention is designated GP+envAm-12. The amphotropic 
cell, GP+envAm-12, has been deposited pursuant to the 
15 Budapest Treaty at the American Type Culture Collection 

(ATCC) , Rockville, Maryland, in NIH House Fibroblast 
Cells under ATCC accession no. CRL 9641. 



The mammalian cells of this invention may be 

20 constructed from "parent" plasmids, e.g., pSV2Gpt, 3PO 

and pLl using methods well known to those skilled in 
the art. For example, the plasmid, p crag-polc rpt, may be 
constructed using the plasmid pSV2gpt (12) as the 
source of SV40 sequences and the gpt gene as the 

25 selectable marker, and the 3P0* plasmid. The latter 

plasmid, 3PO, contains Mo-MuLV proviral DNA with a 134 
base pair deletion of the yf> packaging signal, from the 
restriction sites, Bal I 660 to Xma III 794 (L. Lobel 
and S. Goff ) . The parent plasmids can be "cut" with 

30 restriction enzymes. Depending on the starting plasmid 

and the particular restriction enzyme employed, the 
resulting fragments may be blunt-ended. Alternatively, 
If n t blunt-ended, the protruding end of the plasmid 
may be filled in, again employing techniqu s well-known 

35 in the art, such as using the Klenow fragment of DNA 
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polymerase and all four deoxynucleoside triphosphates 
(dNTPs) . The resulting fragments may then be ligated 
together and positive colonies isolated using, for 
example, colony filter hybridization (18) and then 
5 probing using complementary fragments. In isolating 

colonies using filter hybridization, the probe is 
labelled, e.g., radioactively labelled or using other 
conventional labelling veil known to those skilled in 
the art. 

0 

The penv plasmid may also be constructed using the 3PO 
parent plasmid alone. In this instance, the 3PO 
plasmid is digested with restriction enzymes, e.g., Bgl 
II and Nhe I and the resulting fragment of 
5 approximately 2.4 kilobases is isolated from the gel by 

elect roelut ion. The ends are then filled in using, 
four example, Klenow polymerase and all four dNTPs. 

After their preparation, as . described above, the 

q plasmids are introduced into cultured mammalian cells, 

e.g., mouse fibroblast cells, in particular NIH 3T3 
cells. The methods of introduction are well known in 
the art and include, as an example, transfection, 
specifically electroporation. Typically, the cultured 

5 mammalian cells are collected by centrifugation and 

resuspended in a buffer solution, e.g., PBS. The cells 
are then mixed with the nonselectable plasmid DNA 
and/or the selectable plasmid DNA. The suspension of 
cells and DNA so formed is loaded into an 

0 electroporation apparatus, such as 0.5 ml PDS ' model 

ZA1000, Prototype Design Services, P.O Box 55355, 
Madison, Wisconsin, 53705, and a bank of capacitors, 
charged to several hundred volts, e.g., 500-1000 volts, 
and discharged via an electronic switch through the 

;e solution. After lectroporation, the transformed cells 
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are resuspended in supplemented medium, suitable 
quantities of appropriate antibiotics and plated, for 
example, in well plates. Selective media is added 
approximately 48-72 hours after electroporation. 

5 

The two plasmids, p qag - polq pt and penv may be stably 
introduced by coelectroporation, i.e., at the same 
time, into cultured mammalian cells, e.g., mouse 
fibroblast cells, NIH 3T3. The transformed cells are 

1Q then selected for the presence of a marker gene, such 

as, for example, the gpt gene using HXM media, which 
comprises hypoxanthine, xanthine and mycophenolic acid 
(MA) . The clones which are selected with the HXM media 
may then be analyzed for reverse transcriptase (RT) 

15 production, as described (14) by Goff et al., 1981, J. 

Virology , 38:239-248. 

The present invention also provides a process for 
preparing a producer cell useful for transferring a 

2 Q foreign gene into a mammalian cell which comprises 

treating a mammalian cell, above-described, with a 
vector plasmid so as to insert the vector plasmid into 
the cell and thus create the producer cell, the vector 
plasmid comprising the foreign gene, a functional 

25 packaging sequence from the helper virus, both the 5' 

and 3' LTRs from the helper virus, and a gene encoding 
a selectable or identifiable phenotypic trait, and 
recovering the producer cell so created. 



30 



35 



In one embodiment of this invention, treating the 
mammalian cell with a vector plasmid comprises the 
method of trans feet ion. In further embodiments, the 
vector plasmid, that is used in the above-described 
process for preparing a producer cell useful for 
transferring a foreign gene into a mammalian c 11, is a 



r 

WO 89/07150 



PCT/US89/00442 



10 



15 



20 



25 



30 



35 



-11- 



replication retroviral vector. Such replication 
defective retroviral vectors include the vectors 
designated Aneo or N2, both shown in Figure 3* In 
another feature, the phenotypic trait which is encoded 
by a gene in the vector plasmid is drug resistance. An 
example of a foreign gene for use in the above- 
described process is the normal human 0 globin gene. 
The present invention also provides a producer cell 
produced by the described above process for preparing a 
producer cell. 

Transfection may be carried out for purposes of 
illustration by electroporation, which has been 
described earlier. Mammalian cells, e.g., NIH 3T3 
cells are transfected by electroporation with the 
vector plasmids, e.g., Aneo and N2. These plasmids 
contain gene encoding a selectable or identifiable 
phenotypic trait, such as drug or antibiotic 
resistance, e.g., neomycin resistance. Using the drug 
or antibiotic, eukaryotic cells expressing the gene are 
selected. 

This invention also provides a method for transferring 
a foreign gene into a mammalian cell which comprises 
contacting the mammalian cell with the producer cell, 
described above, under conditions such that (a) the 
producer cell releases the foreign gene packaged in the 
vector plasmid, and (b) the foreign gene is introduced 
into the mammalian cell. 

This invention also concerns a method of gene therapy 
comprising transferring a foreign gene encoding a 
th rap utic protein into a subject afflicted with a 
genetic disorder using the above-described method for 
transferring a foreign gene into a mammalian cell. 



WO 89/07150 



PCT/US89/0D442 



12- 



In other aspects the foreign gene in the above- 
described method of gene therapy encodes the normal 
human p globin gene and the genetic disorder is sickle 
5 cell anemia or ^-thalassemia, and the vector plasmid is 

a- retroviral vector. 

The invention is illustrated in the Experimental Detail 
and Experimental Discussion sections which follow. 
10 These sections are set forth to aid in an understanding 

of the invention but are not intended to, and shall not 
be construed to, limit in any way the invention as set 
forth in the claims which follow thereafter. 
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EXPERIMENTAL DETAILS 



Materials and Methods 

5 Generation of Ecotropic Packaging Line 

To generate an ecotropic packaging cell line two helper 
virus plasmids, p gag - pol gpt and p env , were constructed 
using Mo-MULV proviral DNA from the plasmid 3PO as 
starting material (Figure 1) . 

10 

pqaq-polqpt 

p gag - polg pt (Figure 2) was constructed by isolating a 
fragment containing the 5 ' LTR and the gag and E2l DNA 
and inserting this fragment into the plasmid pSV2gpt 
15 (12) which was used as the source of SV40 sequences and 

the gpt gene as a selectable marker. 

The plasmid 3PO contains Mo-MULV proviral DNA with a 
134 base pair deletion of the packaging signal, from 

20 Bal I 660 to Xma III 794 (L. Lobel and S. Goff, 

personal communication) . 3PO DNA was digested with Sea 
I and Nae I , both leaving blunt ends , and a 7.9 
kilobase (kb) fragment containing the 5' LTR and the 
gag and pol genes were isolated from a 1.7% agarose gel 

25 by electroelution. Plasmid pSV2gpt was digested at its 

unique Bam HI site, and its protruding 5' ends filled 
by using the Klenow fragment of DNA polymerase and all 
four dNTPs. The 7.9 kb gag-pol fragment was then 
ligated to the blunt-ended 5.1 kb pSV2gpt vector, and 

30 positive colonies were isolated using colony filter 

hybridization (18), probing with a nick-translated 2.54 
kb Bgl II fragment fro 3P0 (gag-pol probe) . DNAs from 
individual c lonies were then tested for the correct 
orientation of th gag - pol insert by digesting with Ec 

35 ri. The resulting 13.4 kb plasmid was named pgag- 
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polq pt (Figure 2) . 
penv 

penv (Figure 1) was constructed by isolating a fragment 
5 from 3PO that contains the 3' acceptor splice site and 

the env gene and the ligating it to another fragment 
from 3PO containing the 5' LTR and 5' donor splice 
site. 

10 First, the plasmid 3PO was digested with Bgl II and Nhe 

I (Figure 2). The 2.4 kb env fragment 5858 to 8297 
containing the 3' acceptor splice site was isolated by 
electroelution from a 1.2% agarose gel. The ends were 
filled with the Klenow fragment of DNA polymerase and 

15 all four dNTPs, and Eco RI linkers were ligated to both 

ends. The 5' LTR and 5' donor splice site were 
prepared by digesting 3PO DNA with Eco RI, and 
isolating the 6.2 kb fragment by electroelution from a 
1% agarose gel. The 6.2 kb fragment was phosphatased, 

20 and then ligated to the 2.4 kb env fragment. Positive 

transformants were isolated using the colony filter 
hybridization technique probed with a labelled 1.2 kb 
Hpa I fragment from 3P0 (env probe) . DNAs from 
positive colonies were then tested for the correct 

25 orientation of the env insert by digesting with either 

Xba I or Sea I. The resulting 8.6 kb plasmid was named 
p env (Figure 2) . 

Electroporation and Cell Analysis 

3Q NIH 3T3 Cells were transfected with p qaq - polg pt or the 

p env plasmid by electroporation (13). For each 
experiment, 10 c lis were collected by centrifugation, 
and resuspend d in 0.5 ml sterile 1 X PBS. The cells 
were th n mixed with 10 7 pg nonselectable plasmid DNA 

35 and/or 5 pg selectable plasmid DNA. The cell/DNA 
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suspension was loaded into a 0.5 ml electroporation 
chamber (PDS model ZA1000, Madison, Wisconsin) and a 
bank of capaciters (effective capacity 14UF) , charged 
to 500-1,000 volts, and discharged via an electronic 
switch through the solution. The cells were then 
resuspended in 100 ml Dulbecco modified Eagle medium 
(DMEM) , supplemented with 10% newborn calf serum, 
penicillin (100 Mg/ml) $ streptomycin (100 Mg/ml) t and 
amphotericin B (0,25 ?g/ml) ; and plated in four 24 well 
plates. Selective media was added 48-78 hours after 
the electroporation. 



The plasmids p qaq-pol gpt and penv were coelectroporated 
into 3T3 cells; as a control, 3PO and pSV2gpt were also 
coelectroporated into 3T3 cells. Cells were selected 
for the presence of the gpt gene with media containing 
15 pg/ml of hypoxanthine, 250 /ig/ml of xanthine and 25 
Mg/ml of mycophenolic acid (MA) (HXM media) . Clones 
selected with HXM media were then analyzed for reverse 
transcriptase (RT) production as described previously 
(14). Positive controls for RT activity were ^2 cell 
(6) supernatants and supernatants from wild type Mo- 
MULV clone 4 cells. Neigative controls for RT activity 
were untransfected 3T3 supernatants and RT cocktail 
25 alone. 

Packaging lines were transfected with the retroviral 
vector plasmids Aneo and N2 by electroporation of 10 
NIH 3T3 cells with 5 /*g plasmid DNA. Both plasmids 

3Q contain a neomycin resistance (neo ) gene; eukaryotic 

cells expressing the gene were selected with the 
antibiotic G418 (800 /*g/ml) . Aneo is a 6.6 kb 
replication-defective retroviral plasmid in which the 
neo R gene is flanked by intact LTRs and has 5' gag 

35 sequences including an intact sequence (Figure 3). 
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(N. Lerner, personal communication) ; N2 has been 
described previously (16). 

Analysis of Viral Proteins 

5 The presence and expression of penv was analyzed by 

metabolic labelling and immunoprecipitation of 

gPr 8 O env , the env protein , with env ant iserum as 

follows: Clones of confluent cells (on 10 cm plates) 

were starved for 20 minutes in DMEM minus methionine, 
35 

10 and 150 iic S methionine (Amersham) was added for 40 

minutes. The cells were lysed in 1% Triton X100, 0.5% 
dedxycholate, 0.1% SDS, 10 mM sodium phosphate, pH 7.5, 
0.1 M NaCl; the cell lysate was spun down in a TI50 or 
TI80 rotor at 35 K for three hours at 4'C. The 

15 supernatant was incubated with normal goat serum, and 

nonspecif ically bound proteins precipitated with 
pansorbin (staph A protein, Cal-Biochem) . The 
remaining supernatant was incubated with env antiserum 
(NCI #795-771) overnight and the immunoprecipitates 

2 Q collected with pansorbin. The labelled proteins were 

analyzed by electrophoresis on a 10% SDS polyacrylamide 
gel (19) followed by fluorography. 

Virus Production 

25 Titers of colony-formihg units were determined by 

infection of NIH 3T3 cells dilutions of viral harvest 
as follows: NIH 3T3 cells (5 X 10 5 ) were seeded in a 6 
cm petri dish. Eighteen hours later viral harvest 
supernatants from clones of semi-confluent cells were 

3 q filtered through 0.45 micron filters (Millipore) and 1 

ml was applied to the cells. Eight pq/ial of polybrene 
(Dextran) was added to the supernatants to enhance the 
titer. Aft r 2 hours at 37 "C, 4 ml of media were added 
to th cells; 48 hours later the cells were trypsinized 

35 and plated on a 10 cm plate in media containing 800 
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pg/ml 6418; 10-14 days later clones were counted* 
Generation of the Packaging Line 

To generate cell lines expressing gag - pol and env 
5 regions from different plasmids, 3T3 cells were 

cotransfected, by electroporation (13) , with p gag - 
pol gpt and penv DNAs. Recipient cells were then 
selected for the presence of the gpt gene with media 
containing mycophenolic acid (MA) . Eighty-six MA- 

10 resistant (GP+E) clones were isolated and their 

supernatants tested for their ability to produce 
reverse transcriptase (RT) , the pol gene protein, 
twenty-seven clones were found to produce a high level 
of the reverse transcriptase produced by 3T3 cells 

15 containing the parent plasmid 3PO (Figure 4) • In a 

separate electroporation, 3P0 DNA, containing an intact 
set of gag , pol , and env genes, was coelectroporated 
with pSV2gpt into 3T3 cells. Of 16 MA-resistant clones 
obtained from this electroporation and tested, 

20 supernatants from 3 were high in reverse transcriptase 

(Figure 4). The reverse transcriptase levels of the 
high reverse transcriptase-producing GP+E clones were 
equal to those of the high reverse transcriptase- 
producing 3PO clones. 



25 



30 



Twenty-one of the high RT-producing GP+E clones were 
then analyzed for env protein expression by metabolic 
labelling followed by immunoprecipitation with env 
antiserum (15). Eleven of the clones were positive for 
gPr80env; 3 clones produced a strong sigrtal, 4 a medium 
signal, and 4 a weak signal (Figure 5). 
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Ability of Cell Lines to Package Retroviral Vectors 
Five of the GP+E cell lines which expressed high 
reverse transcriptase activity and medium-to-high env 
protein were tested for their ability to package the 
replication-defective retroviral vector Aneo. Aneo is 
a 6.6 kb replication-defective retroviral plasmid 
containing a neomycin resistance gene driven by an SV40 
promoter (Figure 3). Cell lines were trans fected with 
Aneo and G4 18 -resistant clones were collected, 
Supernatants from G418-resistant were then tested for 
Aneo viral particles. The titers of GP+EAneo clones 
ranged from 2 X 10 2 to 1.7 X 10 5 CFU/ml (Table 1) . 
These titers were comparable to Aneo titers released 
from the 3PO-18 packaging line, which was constructed 
by transfecting 3PO into NIH 3T3 cells (8 X 10 2 to 6.5 
X 10 CFU/ml) as well as from the packaging line (6) 
(4.6 X 10 4 - 5.4 X 10 4 CFU/ml). The GP+E-86 packaging 
line produced titers that were consistently higher than 
the other four GP+E lines, and was, therefore, used in 
2 Q subsequent experiments . 

* To test the effect of changing the structure of the 
retroviral vector containing the exogenous gene, in 
this case, the neomycin-resistance gene, GP+E-86 cells 
were trans fected with the N2 retroviral vector (16) in 
which neomycin-resistance expression is controlled by 
the viral LTR (Figure 3). M2 DNA was electroporated 
into GP+E-86 cells, and 22 G418-resistant clones 
(GP+E+N2) were isolated. G418-resistant clones were 
tested for N2 virus titer, and titers of 5.0 X 10 3 to 4 
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X 10 6 CFU/ml were obtained (Table 1) . These titers 
were comparable to N2 titers released from the 3PO-18 
cell line (1.85 X 10 4 to 5.0 X 10 s CFU/ml). Thus, N2 
produced titers that were 1-2 1 gs high r than Aneo, 
and the packaging line that was constructed was as 
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efficient as one in which all three retroviral 
components are on the sane plasaid. 
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Analysis for Recombinant Infectious Retrovirus 
As a preliminary test for infectious retrovirus, 
supernatants from 5 high-titer GP+E+Aneo clones were 
used to infect 3T3 cells. The infected 3T3 cells were 
selected with 6418 and allowed to develop into a 
confluent layer of G4 18 -resistant clones* Supernatants 
from these plates (2* GP+E+Aneo supernatants) were then 
used to infect fresh 3T3 cells. These 3T3 cells were 
again selected with G418 that resulted in no surviving 
G4 18 -resistant cells. These same supernatants also 
tested negative for reverse transcriptase. These 
results indicate that there was no viral rescue of Aneo 
from the initial 3T3 cells infected with GP+E+Aneo 
primary supernatants. 

As a stringent test for infectious retrovirus which may 
have been generated through . recombination events 
between the two helper plasmids and the Aneo retroviral 
vector, 3T3 cells were infected with supernatant from 
pooled clones containing GP+E-86+Aneo. The infected 
cells were passaged continuously for one month without 
G418 selection. This treatment would have allowed a 
rare * wild-type virus to spread throughout the 
population of 3T3 cells (this population of cells 
should contain cells successfully infected with Aneo 
virus as well as uninfected 3T3 cells that are not 
G418-resistant) , and, therefore, led to the spread of 
infectious Aneo particles. After one month in culture, 
supernatant was assayed for Aneo virus production by 
infecting fresh 3T3 cells and testing for G418 
resistance. The infected 3T3 cells yielded no G418- 
resistant clones, indicating that there was no viral 
rescue of Aneo from the initial 3T3 cells that were 
infected with GP+E-86+Aneo supernatant. 
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In a different test of the safety of the GP+E-86 
packaging line, supernatant from cells containing GP+E- 
86 was used to infect pools of N2 -trans feet ed 3T3 cells 
(3T3-N2 pools). If the 3T3-N2 cells became infected 
with wild-type virus secreted from GP+E-86 cells, the 
3T3-K2 cells would begin to secrete N2 virus. 
Supernatant from the GP+E-86-infected 3T3-N2 pools was 
harvested and used to infect fresh 3T3 cells. These 
3T3 cells were then tested for the presence of N2 virus 
by G418 selection. Using the assay G4 18 -resistant 
cells were not detected, demonstrating that GP+E-86 
cells are unable to transfer the packaging function or 
to rescue N2 virus from 3T3 cells. 

<lg Construction of an Amphotropic Packaging Line 

To generate a safe amphotropic packaging line the 
plasmid penvAm was constructed using DNA from pLl (5) f 
a plasmid containing the 4 07 OA amphotropic murine 
Leukemia virus proviral DNA. A fragment containing the 
env gene and 3' acceptor splice site was isolated and 
ligated to a fragment from 3PO containing the Mo-KULV 
5' LTR and 5' donor splice site (Figure 1). The 
plasmids penvAm and pRSVhyg (17) were co- transfected 
into a clone of 3T3 cells that had been transfected 
with the p gag-polg pt and shown to produce a high level 
of reverse transcriptase. Hygromycin B-resistant 
clones were isolated and tested for amphotropic env 
protein production by metabolic labelling followed by 
immunoprecipitation with env antiserum. The cell line 
GP+envAm-12 was selected as a clone producing high 
levels of both reverse transcriptase and amphotropic 
env protein. To test packaging ability, GP+ envA m-12 
cells were transfected with N2. G4 18 -resistant clones 
were isolated and the titers of released N2 virus were 
3S d termined by infecting 3T3 cells with harvested 
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supernatants. Titers of GP+envAm-12+N2 clones ranged 
from 3 X 10 3 to >1 X 10 6 CFU/ml (Table 1). In a 
control experiment, N2 was transfected into the 
amphotropic packaging line PA317 (11). Titers of G418- 
resistant clones, when used to infect 3T3 cells, range 
from 2 X 10 3 to 2.0 X 10 5 CFU/ml . The results indicate 
that GP+envAm-12 is as efficient in retroviral gene 
transfer as PA317. 

Use of Packaging Lines to Generate Producer Lines 
Packaging cell lines can be used to construct cell 
lines that produce helper-free viruses which contain 
any gene of interest (producer lines) by transfecting 
retroviral vectors into them. The GP+E-86 ecotropic 
packaging line and the GP+envAm-12 amphotropic 
packaging line can be used to generate safe producer 
lines as follows: The packaging cell lines are 
transfected with DNA containing a ^ packaging sequence, 
a selectable marker, and the gene of interest; for 
example the fi globin or ADA gene. The $ packaging 
sequence allows the retroviral vector to be 
encapsidated into a virus shell using proteins 
synthesized in the packaging cell line. The selectable 
marker, such as the neomycin resistance gene, allows 
for selection of cells successfully transfected or 
infected with the vector. Individual clones, or pools 
of clones, containing the transfected vector are 
selected. These clones secrete the packaged vector 
virus, and not the defective helper virus, and are 
known as producer lines. Titering assays are then done 
to determine the viral titers released by the producer 
lines. 
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EXPERIMENTAL DISCUSSION 

One of the requirements for the use of retroviral 
vectors in human gene therapy is the use of a packaging 
line which is incapable of producing wild-type virus. 
While recently-designed packaging lines are relatively 
safe, wild-type virus may be produced through two 
recombinational events between the helper virus and a 
replication-defective retroviral vector even with the 
most frequently used amphotropic line PA317. In order 
to create a safer packaging line, the gag and pol genes 
have been separated on one plasmid, and the ecotropic 
or amphotropic env gene on another plasmid. These 
plasmids contain deletions of the packaging (tf) signal 
and the 3' LTR. An ecotropic packaging line (GP+E-86) 
and an amphotropic packaging line (GP+envAm-12) have 
been developed that produce titers of retroviral 
particles comparable to those packaging lines 
containing the helper virus genome on a single plasmid. 

Both the ecotropic (GP+E-86) and the amphotropic 
(GP+envAm-12) packaging lines produce high gag - pol and 
env protein levels, as demonstrated by the reverse 
transcriptase assay and immunoprecipitation with a env . 
GP+E-86 cells (which contain gag and pol on one plasmid 
and env on another plasmid) upon transfection with the 
retroviral vectors Aneo and N2 release titers that are 
comparable to the titers released by 3PO-18 and $2 
cells (which contain an intact gag - pol - env plasmid) . 
These titers obtained are comparable to those reported 
by others using defective retrovirus (5, 20, 6, 11, 7, 
8, 9) and are high enough for use in gene transfer 
experiments in animals (21, 22, 23, 24, 10, 25, 11, 26, 
27) . 



35 



WO 89/07150 



PCT/US89/00442 



-25- 

No evidence has yet been found for the generation of 
wild-type retrovirus using the GP+E-86 packaging line, 
either alone or in combination with the replication- 
defective retroviral vectors Aneo and N2. Thus, no 
evidence has been found for recombinational events 
occurring when qag - pol on one plasmid and env on 
another are used in plasmids that also contain 0 
mutations and deletions of 3' LTRs. Cells 
electroporated with these packaging plasmids and then 
with vector plasmids do not appear to produce the three 
recombinational events needed for the generation of 
wild type virus. Preliminary experiments also 

demonstrate that the GP+envAm-12 packaging line appears 
to be equally safe and, therefore, appropriate for use 
in experiments designed for human gene therapy. 
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What is claimed: 

1. A mammalian cell useful for retroviral packaging 
comprising two plasmids, both of which comprise 
the 5' long terminal repeat (LTR) sequence from a 
helper virus, neither of which comprise a 
functional ^ packaging sequence or a 3' LTR from 
the helper virus, one of which comprises the env 
gene from the helper virus and the other of which 
comprises the gag and pol genes from the helper 
virus, 

2. A mammalian cell of claim 1, wherein one of the 
plasmids further comprises a gene encoding a 
selectable or identifiable phenotypic trait. 

3. A mammalian cell of claim 2, wherein the gene is 
the gpt gene. 

4. A mammalian cell of claim 1, wherein the helper 
virus is Moloney murine leukemia virus (Mo-MuLV) . 

5. A mammalian cell of claim 4, wherein the one 
plasmid is the plasmid designated penv shown in 
Figure 2. 

6. A mammalian cell of claim 4, wherein the other 
plasmid is the plasmid designated pgag-polg pt 
shown in Figure 2. 

7. A ecotrotropic cell of claim 1. 

8. An NIH 3T3 mouse fibroblast cell of claim 1. 
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An ecotropic cell of claim 4, designated GP+E-86 
(ATCC Accession No. CRL 9642) . 

A mammalian cell of claim 1, wherein the helper 
virus is the 4 07 OA amphotropic murine leukemia 
Virus. 

A mammalian cell of claim 10, wherein the one 
plasmid is the plasmid designated p envA m shown in 
Figure 2. 

A mammalian cell of claim 10, wherein the other 
plasmid is the plasmid designated p typg-polgp t 
shown in Figure 2. 

An amphotropic cell of claim 1* 

An amphotropic cell of claim 10, designated 
GP+envAm-12 (ATCC No. CRL 9641). 

A process for preparing a producer cell useful 
for transferring a foreign gene into a mammalian 
cell which comprises treating a mammalian cell of 
claim 1 with a vector plasmid so as to insert the 
vector plasmid into the cell and thus create the 
producer cell, the vector plasmid comprising the 
foreign gene, a functional i> packaging sequence 
from the helper virus, both the 5' and 3' LTRs 
from the helper virus, and a gene encoding a 
selectable or identifiable phenotypic trait, and 
recovering the producer cell so created. 

A process of claim 15, wherein the treating 
comprises trans feet ion. 
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17. A process of claim 15 , wherein the vector plasmid 
is a replication defective retroviral vector. 

18. A process of claim 17, wherein the replication 
5 defective retroviral vector is the vector 

designated Aneo shown in Figure 3. 

19. A process of claim 17, wherein the replication 
defective retroviral vector is the vector 

10 designated N2 shown in Figure 3. 

20. A process of claim 15, wherein the phenotypic 
trait is drug resistance. 

15 21. A process of claim 15, wherein the foreign gene 

is the normal human p globin gene. 

✓ 22. A producer cell produced by the method of claim 
15. 

20 

23. A method for tranf erring a foreign gene into a 
mammalian cell which comprises contacting the 
mammalian cell with the producer cell of claim 22 
under conditions such that (a) . the producer cell 
25 releases the foreign gene packaged in the vector 

plasmid, and (b) the foreign gene is introduced 
into the mammalian cell. 



24. A method of gene therapy comprising transferring 
a foreign gene encoding a therapeutic protein 
into a subject afflicted with a genetic disorder 
using the method of claim 23. 
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A method of claim 24, wherein the foreign gene 
encodes the normal human p globin gene and the 



WO 89/07150 PCT/US89/00442 

-34- 

genetic disorder is sickle cell anemia or p- 
thalassemia, and the vector plasmid is a 
retroviral vector. 
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